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The  suburban  service  of  the  Chieogo,  Burling- 
ton a^>d  ^uiney  Hailroad  has  essuraed  lar^a  proportions 
due  to  th3  buildinrj  up  of  such  suburbs  as  Riverside,  la 
Grange,  Hinsdale  and  Downers  Grove.   This  service  ex- 
tends as  far  as  Aurora,  111.,  a  distance  of  thirt;-  se- 
ven and  a  half  miles  frora  Chicago.   In  the  follov.ing 
pages  it  is  our  purpose  to  discuss  v.t   soine  length  and 
in  detail  the  problem  of  applying  electricity  to  this 
railroad  as  e  means  of  propulsion. 

The  problem  of  electrification  of  the  railroads 
in  the  city  has  been  taken  by  the  City  Engineers, 
Some  few  years  ago  a  half  dozen  prominent  engineers 
took  up  this  problem,  using  as  a  concrete  example  the 
Illinois  Central  F.ailroad.   They  took  into  account 
everything  connected  with  such  an  undertaking,  and  came 
to  the  conclusion  that,  although  a  decided  saving  in 
operating  expenses  would  follow,  the  initial  cost 
would  more  than  offset  any  gain,  and  would  not  warrant 
the  chan-re. 


Ke^aiess  to  say,  we  cannot  go  as  far  into  this 
protlem  as  we  should  lil-.a,  for  time  does  not  permit, 
nor  doss  our  experience  vrai'-rent  anjr  such  step.  As 
far  as  rnonetary  considerations  are  concerned  in  this 
prohlem,  v;e  are  totally  st  ses ,  first  because  the  C. 
B,  S:   Q.  R.  I..  v>'ould  not  give  us  any  information  and 
second,  we  had  no.  means  of  intelli;];ently  estimating 
costs  of  installing  some  of  this  ap-paratus  herein  con- 
siderad.   Therefore  v/e  have  taken  no  account  of  costs, 
have  neglected  the  freight  service,  and  have  only  taken 
the  suturhan  service  as  the  su"b;"ect  of  our  discussion. 

Before  proceeding  any  further  into  the  suhject, 
It  might  he  well  to   give  a  somewhat  "brief  account  of 
the  territory  served  and  the  population  of  the  sub- 
urhs  en  route.   This  can  best  be  done  by  r/eans  of  a 
table. 


Table   I. 
Unltsd  States  Census  Esport. 


larae   of 
towa. 


Distance   from 
Cilice  ejo 


'^hic;.go  C 

Canal  &  15th  St.          1.4 

Western  Ave  3.8 

Hsv/thorne  5.9 

Morton  Park  7,5 

Clyde  8.5 

La  Vergne  9.1 

Berv/yn  2 . 6 

Harlem  Aye  10.1 

Riverside  11.1 

HolliT^rood  11.8 

Brookfleld  12. S 

Congress  Prrk  IS.l 
Is   Grange 

5th  Ave.    sta.  15.8 

La  Grange 

Stone  iive.  Sta.      14.2 
V/e stern  Springs          15.4 

Highlands  16.4 

Hinsdale  17,0 

W,   Hinsdale  17.8 
Clarendon  Hills          18,3 

.G-recgs  19.4 

East   Grove  20.4 

Dovmer  Grove  21.2 

Belmont  22.6 

lisle  24.5 

Kaperville  28.5 

Sola  33.5 

Aurora,    111,  37,4 


Population 
1900 

1,598,575 


1,551 
865 

5,969 


562 
1,970 
2,578 


2,103 

550 

2,629 

24,147 


ropu.letion 
1910 

2,3  85,283 


5,841 
1,702 

1,445 

5, £82 


905 
£575 
2451 


2501 
524 


3449 
29807 


It  is  usual  v;hen  taking  up  such  an  enterprise 
as  this  to  hsvo  a  reason  for  so  coing.  To  give  one 
reason  would  he  alr.ost  impossihle,  and  ^^et ,  hriefly, 
it  is  to  give  better  service.  Better  service  may 
cover  any  numher  of  points  sorae  of  vrhich  r;ill  he  no- 
ted; 

1st.   increase  of  schedule  speed. 
2nd.   decreased  hesdv/ay,  i.e.,  increasing  the  numher 

of  trsdns. 
3rd.   the  ahsence  of  smoke  and  cinders. 
and  last,   the  past  end  present  legislation  in  regard 
to  smoke  ahatemont  S3ens  to  indicate  that  future  res- 
trictions v.'ill  he  even  more  severe,  and  may  he  such  as 
to  m&ke  electrification  almost  a  necessity. 

It  might  he  v;oll  at  this  point  to  introduce 
some  factors  in  the  present  operrting  features  of  the 
road.    Three  tracks  as  fur  as  Riverside  are  devoted 
exclusively  to  passenger  service  in  the  miOrning  end 
evening  rush  periods.   In  the  evening  rush  ^oeriod,  track 
i^l  is  used  "by  westhound  Ioce'Is  to  Riverride;  track  §2 
is  used  hy  westbound  express  and  through  trains  to 
Downers  Grove,  Aurora  and  beyond;  track  frZ   is  used  hy 
easthound  trains  either  through,  local  or  express. 


From  Riverside  to  Downers  G-rove  tv;o  tracks  are  devoted 
to  passenger  service,  and  "beyonc!  this  point  tv.'o  tracks 
can  take  care  cf  £'11  the  traffic.  Hence  betv/een  Chi- 
cago and  Hiverside  e  minimum  of  three  tracks  is  el  lov;- 
sble,  four  are  -rovided;  het'.veen  Riverside  and  LoYTT^ers 
Grove  a  minimum  o:^  tivo  tracks  is  allovvahle,  three  are 
provided;  hoyond  Downers  Srove  a  m.inimum  of  two  tracks 
is  alloTrahle  and  tv/o  az^e  provided. 

Prom  Vvhat  has  ^ust  "been  said  it  can  feasily  "be 
seen  that  the  road  is  divided  into  three  divisions  as 
regards  suhuroan  traffic,  vis;  the  Eivorside  division, 
the  Downers  Grove  division  and  th?  Aurora  division.   It 
is  almost  needless  to  state  that  the  Fdverside  division 
of  11.1  miles  consists  of  local  service  only.   The 
Downers  Grove  division  end  Aurora  division  maintain  ex- 
prass  service.  At  times  other  that  the  rush  periods 
some  of  the  Downers  Grove  trains  run  ss  locals,  while 
the;:Aurora  trciins  still  hold  to  the  express  schedule 
making,  perhaps,  a  few  more  stops  than  in  the  rush  pe- 
riods.  Due  to  a  lack  of  tim.e,  il  is  our  purpose  to 
consider  only  the  ruoh  periods,  since  it  is  with  these 
periods  that  we  are  most  vitally  concerned. 

In  the  rush  hours  the  Pliverside  locals  carry  six 


cars,  fh9  Bov/ners  3rove  trains,  seven  or  eight  atid  the 
Aurora  trains  nine  ears  each.   The  seating  capacity 
of  each  car  is  approximately  sixty  persons.  ITo  "baggage 
is  carried  during  rush  hours  except  on  the  Aurora  di- 
vision. 

The  present  schedule  speed  of  the  locel  trains 
to  Riverside  is  about  twenty  and  eight  tenths  miles  per 
hour  ;the  express  schedule  to  Downers  'Jrove  is  twenty 
six  miles  per  hour  and  the  express  schedule  to  Aurora 
is  thirty  miles  per  hour. 

Upon  making  applicati-.n  to  the  C  B  &  ti  R  R  for 
information  the  writers  were  furnished  with  the  road 
profile  between  Chicago  and  Aurora.  All  other  infor- 
mation regarding  traffic  and  present  equipra^int  they 
daemed  it  advisable  to  withhold,   Undar  these  cir- 
cumstances it  became  necessary,  in  order  to  obtain 
traffic  figures,  to  do  so  by  yctual  observation.   This 
was  done  by  riding  on  the  trains  of  the  different  di- 
visions at  various  times  during  the  rush  period.   It 
is  believed  that  our  figures  concerning  the  traffic,  as 
before  given,  represent  v/hat  may  be  coiisidared  a  little 
higher  than  average  as  the  data  v/as  collected  during  the 
weeks  preceding  Christman  1911,  v;h?n  traffic  is  unusally 


heavy.        Vv'a  believe  we   are    ^ustifieci    in  using  faese   fig- 
ures  for,   whilethe   traffic  y;cs   undouotedjy  heavier,   the 
nutnher   of  cars  v;as  not   increased,    as  we   ascertcinefi  la- 
ter.       The   surplus  \7es   carried  tj  making  use  of  the   stand- 
ing room  in  the   cars. 

Up  to  this  point  we  have  heen  content   to   give 
sor:e   topi 6   of  £;ensral   information,   but   we    shall  now   ccn- 
cern  ourselves  with  the   actual  problem  of  electrification, 
In  order  to  make  an  intelligent   choice   of  either   a  D.C. 
or  an  A.C.    system,    or  a   combination  of  both,    it  becairie 
necessary  to   consider  thom  all.        ^he   systoivih;   considered 
are  briefly  as   follov/s: 

ifl.      A. 2.    Cleneretion,    transmission  end  propulsion. 
#E.      D.C.  "  "  "  " 

iZ       A.C.  "  "  "     D.    C.    propulsion. 

Each  system  in  turn  v/as  taken  up,    discusaad,    the   realtive 
advanta2;eG  and  tUsadvanta^^es  noted..    IVith  this   date  at  hand 
a   choice  evan    then  7;as  difficult   uAlers  we  brought   in 
some   other  factor.        This  factor  which  made   system  ^3 
our  choice  v;as  tbat  most    of  the  reilways   in  this   country 
of  ab.iut  the   same  length  are   equipped  with  D.    C.   motors. 
Conditions  which  will  be  pointed   out  later  made    it   ir:'- 
perative  to   transmit    a  large  amount   of  power  a   consider- 


atle   distance,    making  it   advantagaous  to   use  A.G.    as 
a  rtiods   of  transmission. 

Having   decidad  to   ase   direct    current  motors   it 
next   "bocsr-e  nacess.  ry  to  mol:e  a   cTioica   of  voltage   to 
be  iraprassed   upon  the  raotor.      Hare  again  V7a  ware  guided 
to   a  large    extent    07   standard  practice   in  this  country, 

t/e  hava   railv/ays  operating  on  600  volts,   1£00 
volts,   1500  volts   and   just  nov;  locomotives  era  "baing 
built   for   a  terminal  voltage  of  £400.      Thera  is  one  £400 
volt   railway,    one  1500  volt,    a    fev;  using  ISOO  hut   the 
nost   are   using  600  volt    equipraant,        Hauca   it    is   un- 
nacassary  to  point  out   that  all   apparatus   for   600  volts 
is  mora  uaarly     standardised  and  has  long  siiica  passad 
tha   e:rperii?.antal   staga.      Information  and   data  alisolutaly 
necessary  to   us  ^;7a3  far  more   abundant   for  this  voltage, 
and   aftar   due    consideration,   r/e   dacided  to   use   a  pres.snra 
of  600  volts.        Making  allov:ance   for  losses  all  our  cal- 
culations were   based  upon  3   terminal  voltaga  of  550  at 
the   train. 

The   use  of  A.    C.    for  transmission  and  D.    C.    for 
propulsion  necessitates   of  cbiirse  tha  use   of   substations. 
The   question  of  usitig  motor  generator  sets  or   synchronous 


converters  was  easily  decided.   The  use  of  tlie  synchroa- 
ous  converter  in  all  "branches  of  railv/ay  "'ork  is  almost 
universal.   Since  the  transmission  voltage  was  relatively 
high  transformers  v.ere  necessary  in  either  case,  so  the 
notor  generator  set  was  at  a  decided  disadvantage. 

Before  "being  able  to  choose  a  motor  v/e  must  go 
back  for  a  moment  to  ascertain  some  necessary  information 
in  this  respect.   The  present  equipment  calls  for  a  car 
whose  seating  capacity  is  si:cty.   This  is  a  fair  eis^e 
car  for  such  service,  and  hy  using  a  car  of  the  same  seat- 
ing capacity,  we  could  iraterially  simplify  our  calculations 
Thus  for  a  certain  service  to  Riverside,  if  the  rush  per- 
iod dem.anded  thirty  ears  and  -.ve  wished  to  decrease  the 
headway  to  Riverside,  Vn'e  need  only  use  fe'.ver  cars  per 
tri^in.   A  train  of  six  such  cars  seated  to  a  capacity 
of  sixty  each  would  weigh  very  close  to  180  tons.   This 
is  the  figure  upon  which  all  our  motor  calculations  were 
based  since  a  train  of  six  such  cars  was  considered  suf- 
ficiently long. 

The  average  l3ngth  ot   run  on  the  local  service 
was  about  seven  tenths  of  a  mile.   The  shortest  run  was 
one  h.vlf  mile  w|iile  many  were  six  tenths  miles.   Thus  we 
decided,  that  if  a  motor  would  work  satisfactorily  on  .5, 


10 

.6,    and  l.o  mile  on  a  le^/al  tsn^ant   track,  .it  "~oulci  pro- 
iDably  do  the 'required  ■vToi'k  on  ths   actual  profila.      On 
runs   of  .8  mile  anc^    over  a  raazimum  spaed  of  40  nilos  ?,?' 
per  hour  was  decided   upon,    and  on  runs  less  then   .8  mile 
a  maxiraim  of  Zl .5  a.p.h.   was   sufficient.        This  v;es   de- 
cided upon  to   have   a  unifonnity  in  speed  tiines   curves 
and    let   the   schedule   speed  take   care   of  itself.      The 
number  of  motors  per   car  and   the  nutaber  of  motor   cars 
p3r  train   caused   sono  trouble,    anr'    aft->r  a  lengthy  dis- 
cussion, v;e   recoramend       the   use   of  four  motors  per   car 
and   two  motor  cars  per  train  of  six  cars.      This  places 
a  maximum  load   of  22.5  tons  on  each  motor. 

The   approximate   capacity  of  the  motor  vvas   cal- 
culated to   be   185  H.x-.        This  v.t  s   done  by  c  netbod   due 
to   Storer  and   cheeked  by  Hutchinson's  method.      The   for- 
mula of  each  is  herev:ith  shovm:- 

Storer'  s  ?:Iethod. 
Sated  H.?.    of  liotor      .0031  ax    Imc  +   ^)  ^ 

V/hare        a  acceleration  in   ft   per   soc'^ 

m  mass   in  lbs   of  car  v.-eig^t. 

f  train  resistance,    i.e.,    fricti.^n  and  windage. 

T  length  of  run  in   sec. 
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t        time  of  stop   in   sec 

X       tiE0  of  acceleratio'n  in   sec?. 
Hutchinson's  itethod . 
Ested  iLw  of  motor      .2S4  x  BX 
Where        x         a   conp.ta^-.t 

B  a  " 

each  determined  from  Hutchinson's   curves  as  given  "by 
lir.   lyichols. 

A.     is  the  percentage  of  full   load  tractive   ef- 
fort  required   expressed  as  a  v;hole  numhor,    i.e.,    for 
full    load  X  equals  ICO;    for  half  load  X  equals   50  etc. 

Having  found   that   an  approxirrate    capacity  of 
185  H.P,   uas  necessvrj,   the  bulletins  of  the  Q.   S,    Co., 
and  the   West,   iillect.   &  Mfg.   v.'ere   consulted.     From  these 
"bulletins   it   vvas  ascertained  that  the  Viestinghouse  #134, 
Gr.   E.    tJ^59B  or  the   vVestinghouse   jrll3  might    do    the  work. 
West.   #134  motor   is  rated  at  160  H.P.,    the  G-.   E.    #693 
at  200  H.P.    and   the    .Vest.    #113  at   200  H.P. 

The    choice   of  a  motor  depends   on  three   things, 
the   gear  ratio    ,    the   ability  to   do   the  required 
v:ork  v;i1ihout  undue  heating  and   s  lov;   energy   consumption 
for  the   re.-uired  output.        The  ability  to   attain  the 
required   speed   of  course  depends  upon  the   gear  ratio. 
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The  haatin^  of  the  raotor  depends  upon  the  effective 
currant  or  that  continuous  current  which  ■^"ould  produce 
the  same  heatinj;,   Energy  consuraption  Is  invsribly 
given  in  watt  hours  par  ton  mile  and  depends  on  the 
current  consumption  the  voltage,  the  vel^-f-it  of  the 
car  and  th^  length  of  the  run. 

As  stated  ahove  the  three  motors  selected  must 
ba  tried  on  runs  of  0,5,  0.6  and.  1.0  mile  respectively. 
Three  gear  ratios  that  Vv-ould  bo  lil:ely  to  a? lev:  us  to 
attain  a  maximum  speed  of  57.5  or  40  m.p.h.  v;are  con- 
sidared,  vis.,  2.32,  2.56  and  2.85. 

In  order  to  facilitate  the  plotting  of  so  m,any 
speed  time  curves,  a  curve  of  speed  tractive  effort 
was  plotted  for  each  gear  ratio.   This  curve  for  gear 
ratio  2,56  is  shovrn  on  Carve  Sheet  IJl, 

The  writers  assume  that  the  reader  has  had  enough 
experience  \7ith  speed  tir:e  curves  to  hnov.yjthay  are  dravm 
up.  k   starting  accaleration  of  1.5  per  sad"  a  hresMng 
acceleration  of  -  2.0  ft  sec  and  a  train  resistance  of 
10  lbs,  per  ton  was  assumed  In  plotting. these  preliminary 
curves.   It  "vvas  deemed  advisable  to  place  the  three  speed 
time  curves  and  energy  consumption  curvas  for  runs  of 
0.5,  0.6  and  1.0  mile  respectively  at  th^  seme  gear  ratio. 
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on  ona   slisat.   For  purposes  of  codp&ri  son  this  is  bast. 

On  Cui-va  ^hsat  ;fz,   \'vill  be  found  the  curves  as  outlined 

above,  for  the  .•VeHt,  /rllS  motor  ^aar  ratio    B.ZZ,    On 

Curve  ^heet  ,r3  and  {[A,   will  be  found  the  curves  for  the 

same  motor  at  gear  ratio  2.56  and  2.95  respectively. 

In  order  to  plot  energy  consumption,  curves, 

a  curve  of  current  -  speed  ras  plotted  for  each  gear 

ratio.   This  curve  for  gear  ratio  2.56  is  shown  on 

Curve  Sheet  v?5.   Values  of  the  watt  hours  per  ton  mile 

and  of  Ig  for  each  run  and  gear  ratio  are  given  on  the 

respective  curve  sheets. 

Y/ith  the  different  values  of  I   and  of  the  Vi.H./ 

e  ' 

T.M.  'before  us  we  decided  on  tbhe  gear  ratio  of  S.55  as 
the  most  likely  to  suit  our  conditions  of  service.  How 
Y/ell  this  choice  was  made  must  be  s?en  by  th^  subsequent 
work.   V/ith  this  gear  ratio  decided  upon,  v:  e  now  pro- 
ceeded to  apply  it  to  the  '"r.il.  #G9B  motor.   These  results 

can  be  seen  on  Curve  Sheet  ,r6.   Tlie  value  of  I   and 

e 

'■V,H,/T.1'.,  is  noted  on  this  curve  sheet. 

As  can  be  seen  from  the  curve,  this  motor  failed 
to  attain  a  speed  -^f  57. 5  m.p.h.  on  a  half  rails  run,  and 
could  not  be  used  for  our  purpose  without  causing  a  loss 
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of' time   oti  this  account, 

tVe  n-^xt   took  up  the   Jest  §17A  in  the   saiae 
menner  as  "before.      The  rs suits  are    shovm  on  Curve   Sheet 
7,^7.        The   continuous   current   capacity  of  this  rcotor  ss 
given  by  the  manufacturer  is  110  amp.    at  400  volts. 
The  values  obtained  as   shovm     on  Curve   ^heet  ^7  are   in 
excess  of  this.      This  aotor  if  used  would  heat   excessiv- 

ly. 

We  have   considered  now,   three  motors  and  three 
gear  ratios,        V»e  have  pointed  out   a  fev;  reasons  why  the 
West.   #134     and  the  G.   2,,  G9  E  might  not  be   suited   to   our 
■vYork.        In  the   case   of  each  motor,   hov/ever,   there   are 
other  considerations  v/hich  might  make   it   advisable  to  use 
the  motor  in   spite   of  what  has  been  broughc  out.        Our 
decision  v/ss  made,   taking   into   account   all    factors     that 
might   influence   the  motor  when  applied  to   th?   acttiial 
road   conditions.     Hence  v:e  recom::r!end  the  V/estinghouse 
#113  Railway  Llotor,    550  V.    G.ii.    2.56  with  a  continuous 
capacity  of  150  amp.  The   characteristic   curves  of  this 

motor  are   shown  of  Carve    3he3t  j?8. 

Upon  considering  the   actual  profile   of  ths   road 
■.V3  mu:-t   take   into   account   the  grades.        The   effect   of   grade: 
upon       acceleration  and  torque   and    upon  the   time  necessary 
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to  attain  40  m.p.h,  is  shoiATi  on  Curve  iilieet  §9,      'ifhen 
drawn  to  e  larga  scale  ofn.er  grade  curves  could  "be  drawn 
by  interpolation.   Hov;  the  speed  time  curves  worked  out 
on  the  actual  profile  are  shown  on  Speed  T^ae  Curve 
Sheets  §■!   and  £.   On  lipeed  Time  Curv;e  Sheet  ,v-l  are  shown 
the  east  and  west  "bound  curves  for  the  express  runs  and 
on  Speed  Time  Curve  Sheet  §^Z   are  shown  the  curves  for  the 
local  runs.   The  values  for  I  and  of  v/.H./T.Ii.  are  shown 
for  each  respective  run.   ,  To  show  that  the  motor  is 
well  adapted  to  our  service  we  have  calculated  the  av- 
erage I   and  rt  ,Ii./T.Iil.  for  the  total  run  eastbcund  end 
westbound  both  locsl  and  express.   These  results  are 
shown  in  teble  II  page  16, 

Having  completed  the  spead  time  curves  we  drew 
up  a  provisional  sche5ule  for  the  rush  period  A.I.^.  end 
P.M.   In  ord:3r  to  obtain  load  curves  it  was  necessary 
to  make  up  both  east  aad  westbound  schedules  for  each 
rush  period.   These  schedules  comprise  both  lo6'al  and 
express  service  and  we  are  each  labled  at  the  top  of  the 
sheet. 
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Tabl9  II 

Express  Run 

y.E./T. 

.11. 

le 

V/est  Bound 

38.4 

85.9 

East  Bound 

38,0 

71.9 

Locul  Run. 

Vi^9St   Bound  84.0 

2ast   Bound  80.5 


ISO.O 
120.3 
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In  compering  this  schadule  v/itli  the  pi-3sent 
schsdula  of  tha  railroad  sorr.a  inr^ortant  changes  v^ill  "be 
noted.   7/9  have  still  maintairied  the  thre^  divisions 
as  at  present.   The  nui:ilj9r  of  trains  has  been  increased 
and  the  headway,  consequently,  decreased  in  like  pro- 
portion but  the  total  number  of  ears  on  esch  division 
has  remained  very  nearly  the  sair;e.    The  length  of  stop 
varies  froiri  20  sec  to  one  minute.   These  x'-alues  may  saem 
high  but  are  considered  fair,  since  they  were  obtained 
by  actual  observation  .   One  minute  stops  are  made  on 
the  express  run  at  La  Grange,  Hinsdal3  a'ld  Dovmers 
Grove.    On  the  Riverside  Division  we  have  increased 
the  schedule  speed  to  24  ra.p.h,,  on  the  Downers  Qrove 
Division  to  28.5  m.p.h.,  v;hile  the  schedule  speed  on  the 
Aurora  Division  remains  nearly  the  same.   V/e  have  stand- 
arized  the  express  and  local  runs,  i.e.,  express  trains 
now  all  make  the  same  stops  and  local  trains  all  make 
the  same  stops. 

The  central  station  for  supplying  the  necessary 
energy  T7ill  be  located  at  I^iverside  on  the  Desplaines 
River.    This  was  decidod  upon  by  the  proximity  of  v/ater, 
v/hich  is  necessary  in  large  quantities  for  the  condensing 
equipment  of  the  plant.   The  substations  have  been  so 
spaced  as  to  be  of  about  the  same  capacity.   Substation 
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§1     will  le  near  iVestarn  Ave.,  '^hicego,  and  v;ill  furnish 
energy  for  the  line  between  the  Union  Station  and  IJorton 
Park,   ijahstation  if2  v;ill  he  at  Riverside  in  conjunction 
with  the  central  station,  and  wi''l  take  care  of  the  road 
from  Uorton  Park  to  La  Grange,  Stone  Ave.   Substation  //S 
will  be  at  West  Hinsdale  supplying  the  line  from  la  Grange, 
Stone  Ave.,  to  Downers  Grove.   Substal  ion  yf4  Y;ill  be  at 
Kaperville  and  furnish  energy  for  the  line  between  Dow- 
ners Grove  and  Aurora, 

For  the  rush  period  the  load  curves  are  ^iven 
for  one  minute  intervals.   This  v;as  done  by  taking  each 
substation  and  the  line  supplied  by  it,  separately,  and 
from  the  speed  time  and  current  curves,  obtaining  the 
total  current  taken  from  the  line  for  every  minute. This 
required  that  we  know  the  exact  location  of  every  train 
at  every  minute.   An  allov.'ance  of  20^  of  the  current 
required  for  propulsion  was  made  for  heating  and  light- 
ing.  Load  curves  for  the  morning  and  evening  rush  hours 
were  determined  for  each  substation  and  are  known  as 
follows; 

Curve  Sheet  ,.?10        Substation   "l   A.E. 

#11  "        #1   P.r. 

"    "    #12  "        #2   A.M. 
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Curve  Sheet  rflS         Subststion  ,72  P.I'J. 

"       "   #14  "      ,f5   A.M. 

"   #15  "      #3  P.M. 

"      "   #16  "      #4  A.M. 

"      "   #17  "      #4  A.Z. 

The  central  station  load  curves  are  made  up 
froH  the  suhstation  load  curve.   An  efficiency  of  trans- 
mission of  BOfo   was  assumed  (the  ZCt%   loss  being  total 
loss  from  A,  C.  cs^QJ^st^^^s  to  c.-r  Tnotors)  in  v/orking 
out  all  the  load  curves.   The  rash  hour  load  curves  for 
the  central  station  are  shov/n  as  follov/s: 

Curve  oheet  #18   Central  Station  A.I.'. 

"   #19     "     "    p.i:. 

In  sumning  up  the  discussion  on  central  and 
sub-stations,  then,  from  an  examination  of  the  separate 
load  curves  of  each,  the  rush  period  capacity  of  each 
Kight  be  tabulated  as  follows: 

Substation  #1      2700  E'.V.',  Capacity. 

"      #2      2800   "      " 

"      #3      2700   "      " 

"      #4      2100   " 

Central  Station  A.M.  7200  "     " 

"       "    P. Li.  7700   "    " 


Sulistation 

#1 

tt 

#2 

ir 

#3 

It 

-h 

20 

TlT.ass  values  do  not  rsprssent  i.lie  capacity  as  rsprassn- 
tad  "by  the  ' maximum  peak  loads  as  tho  latter  in  each  case 
are  instantansous  only.   Allowing  for  an  overload  con- 
tinuous capacity  ot  25fj  the  K.'.V.  rating  of  the  installed 
generators  and  converters  would  oe  ahout  as  follov/s: 

£150  K.'vV. 
2250  K.W. 
2150  E.V/ 
1700  E.w. 
Central  Station  A.!.:.      5800  K.'kV. 
"       "    P.ia.      62C0  K.w. 
While  operating  on t  he  peak  loads,  the  instantaneous 
overload  capacity  of  the  machines  would  never  excesd 
40^,  which  can  "be  readily  seen  from  an  inspection  of  the 
load  curves. 

Coming  next  to  the  transmission  line,  to  sub- 
station ^1  we  ha^^'e  stated  before  that  the  current  trans- 
mitted v;ill  be  A.  C: 

Maximum  load  transmitted      3200  E.V/. 

Length  line   7.5  mile 

Frequency  of  25  cycles  per  second,  3  phase. 

Two  distinct  circuits  will  be  provided  both  alike 

and  either  alone  capable  of  transmitting  maximum 

power. 
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Siaa  of  7;ira  -  ,"2  3.  &  3.  Gauge ,  copper,   1/4" 
diameter  and  area  66,510  circular  rails.. 
Distance  between  v^'ires  on  insulators   £  ft. 
Inductance  1.77  m.h.  per  mils  per  wire. 
Capacity   .017  m.f.  p?r  mile  per  wire. 
Charging  Current   0.255  amp. 
natural  frequency  of  line   6200  cycles/sac. 
Apparent  power  at  no  load  3.25  k.v.a. 
Inductive  reaction  per  wire  2.1  ohms. 
Capacity  reaction  per  wire   50  oTuns. 
Regulation  at  unity  power  factor   .79fa 
Hegulation  at  85^  factor  1.97fJ 

Substation  #g 
Maximum  load  5000  K."!. 
Length  of  wire  6.7  miles 
Frequency  of  25  cycles  3  phase 
Two  circuits  provided  as  iDefore. 
Siae  of  wire  #1  B  &  3  G-auge  copper  0.29  inch 
in  diam.  area  83,590  cir.  mils. 
Distance  between  wires  £  ft. 
Inductance  1.76  ra  h  per  mile  per  wire 
Capacity  .0175  m  f  por  mile  r:-?r  wire. 
Chargaing  current  0.228  arc^n. 


E£ 


Katural  frauuency  7200  cycles  per  sec. 
Apparent  pov.'er  no  loaa  2.9  K.V.A. 
Inductive  reaction  per  v;ire  1.86  oliiES. 
Capacity  reaction  per  wire  54.0  ohns. 
Ees.  at  100^  p.f.   1.02^^ 
Reg.  at  85:1  p.f.  Z.Sfo 

For  substation  ^-4  tlie  size  of  v;ire  required  was 
calculsted  to  lie  #3,  B  &  o  gauge.   It  v/ill  be  of  the 
sarae  design  as  the  other  two,  but  the  values  were  not 
worked  cut,  as  it  was  deemed  sufficient  to  have  two 
completely  worked  out, 

■  In  the  previous  pa.<];es  it  has  hesn   our  desire 
to  be  as  brief  as  possible.   ITc  details  have  Veen  given 
except  where  absolutely  necessary.   ITo  nev;  methods  have 
been  brou;;;ht  out,  and  the  schemes  .or  equations  for  the 
methods  of  procedure  herein  contained,  have  been  given 
inin  the  classroom  or  can  l^e  fiund  in  any  text  book  on 
electric  rail~«a;rs.  As  a  general  reference  covering  the 
entire  ground  on  which  we  have  worked,  v;e  refer  the  reader 
to  Electric  Traction  and  Transmission  Sngineering"  Shel- 
don and  Hausraenn. 
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